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(54) LASER BEAM MACHINING METHOD AND LASER BEAM MACHINING DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a laser beam machining 
method capable of cutting a machining object without developing a 
crack, deviating from the predetermined line for welding or cutting 
on the surface of the machining object, and accurately. 
SOLUTION: A reforming area is formed in the machining object by 
radiating a pulse laser beam L onto the predetermined line 5 for 
cutting under the condition of causing multiple photon absorbtion, 
and making a condensing point P agree with the inside of the 
machining object 1. By splitting the machining object 1 along the 
determined line 5 for cutting, the machining object 1 can be cut 
with a comperatively small force. Since in the irradiation of the 
laser beam L, the pulse laser beam L is scarcely absorbed on the 
surface 3 of the machining object 1 , the surface 3 is not melted, 
caused by the formation of the reforming area. By adjusting the 
position of the condensing point P of the pulse laser beam L in the 
thickness direction of the machining object 1 , the position of the 
reforming area in the thickness direction of the machining object is 
controlled. 
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^Sl«3 ri&<«]KStL*. ^x^feKDa®^S®l^iS 

^ ic #Ep Jta f *i ^ C ic J: tj & ^ £ 0 

[003 1] ( 2 ) am^^ffi^S^COlg^ 
U-ifat*ft3X»^ («^^v«Ja><Di:5^Si* 

^g[A<1 x i o 8 (W/cm2) m±-efro/tji,xfltf Tjis 
«LS«J*i:tt-H*lit»l5SHbLfc«l«. ^Sf^O 

stc. mj&mmm&ti*mt£&m&* if ass 



(7) 



^§§2002-192371 



&&&m&£^t;mm:i~&iti,tzm&£m.&-?Zo fax 

HirLTIi. 05x.(£l x i oM (W/cm2) -Cfc£ 0 
Xffili^J^Ii 1 ns~ 2 O Ons/><$?£ Ll^o 
COO 3 2] *§£W&1*. vUu^Ox/NCDrtSp-C^jlfe 

(A) JtaX»^ife : y'J^^xA 0?£3 5 0//nu ^ 

S4-r>f) 10 

(B) U— tf 

5fcS : ^ftU-if®[i^Nd:YAGU-tP 
2£H : 1 O 6 4 run 

U— *f%*-#v h»rMI : 3. 1 4 x i o-«cm2 

: GX-f 7f/^X 
iU£LM& : 1 OOkHz 
/^UX*g : 3 Ons 
ai^J : 2 0//J//OUX 
U— tf3teaaH : TEMoo 

d^tt : mmimitt 20 

(C) Jfi3fcJSU>X 
fg^ : 5 Of& 

NA : O . 5 5 

(D) jax$tMab<ttfi$K««B#(D»naa : 1 o 

Omm/fj? 

[0033)012 tt±Eft#-C0) U— if taXlc J: y «J 

' LfcB-efc5.o vU=i>Ox/\1 1 antf lc»IkAJ£ffi 
«1 3 3&^flt**tT t^^o-ftfe. Jtie^fMc£yff2j££ 30 

*ifc»M«is««a)***iRia)***i±i oovmmm 

[0034] SH«Ulffil« 1 3 fit^XTOCUC £ y 
*ttfcz<b^lft^-r^ 0 B1.3 8, U— tf3fc0)&ft£ : > 

U 3 Jl^trt* 5 0R 1 0 0//IU, 200/im, 

SOO^nu 1 000/im<D#*lzoi>TJ:ie§l®£^L 
fco 40 
[0 0 3 5] m?Ll£. Nd:YAGU— tPcO^g-efc^ 1 0 6 
4nmlzfcl*T\ vy=3>Ste^Ji^A<5 OO/imELTO) 
if^. vU :3>SffiO)[^T:ISU— 1f5fc#8 0%UI±S 

M-r^c^A^^^o @i 2iz*-i-^u zi>^x/m i 
a>l¥£ii3 s o im-eft«fl)-e. *3fc^«Jttic«*:*»itt 

1 7 5//mO)SP^lC^fi£^tL^o Ctf>*§^<Dj§M3Mi. 

2 OO /ini0v"J a >Ox/\S#^t^i:, 90 
%ELfcft<D-e; U— tf5fc*<v Ua^x/M 10^ 



tin 2*itz*,<Dvitt<* mutmmf&mt&ft^f&mz 

J:y»rt**Lfc-i:t«i*-r«. **WiBUcJ:S-jgl|| 
S66i (2000^4^) <T>%1 21-17 3l(D 

r e 3 »/ u- tf f z £ -6 y a >a> *ax4$tti¥« j 
[0 0 3 6] fcfc. vU=3>Ox/\(i. »ttfflJlfiEi«£ 

y. te*Mfc«w**L*. vu=i>Ox/\(Dgi^i® 

x»*»|c*A«HiliD**L*ci:lc i feyrt«-r*ii**fc 
♦l*— DTffc*. L\-r*i(D»*t,«»f«fl!>«JWfB5ttiai 

[ o o 3 7 ] ( 3 ) &KffiJa*<H$r VXtbfiBiCa tt« 
u— if**»x»ft«i («*.tf#^yO o>rt«ic*«jS 
£d3b1*T\ *3fcjSlcfclf£«|Kiffi# 1 x i o 8 (W/c 
m2) eUi-e3&\o/^UXfi]&< 1 nsJ^JLTO^frr^lt-r 

/^xg^tfi< tr, £*^«itt*mx»jfett<D 
x^ju^-jr^jt-e-rrc. lnx»**a>flSi::i*-f:t-:/ 

Ltl*. «x.tf 1 x i o" (W/cra2) T'fc^o >< 
1 nsJBTFA<»* L < . 1 psfelT*<^ t,fc 

.14 2@U— 1f»ttX»^*|tX* (19 97 
11^) 1 11(0 r^xAhS? 

Ei*MU«. ISl±<0J:3lc*SW»illzJ:*Lli % * 

lfi»ffilddox»*«a<D»^*fiiizfcit* is—*f3t<»m% 

[O O 3 8]- C(Dtt«««P«=OL\r^^ V^«*S«IC 

i^^^-^o @i 4tt v «RIKl»BfcC«u— iflox^a 

^txrmxaaa i <d aspics 77^9 tnut* 

*LfcitoXS^tel1 ^ffiSX-fc^o /^UXU~1f3fcL(D 
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SIMM"**. ^^^^^m9li^3Br^S7>r>5(c^ 
[0O3 9] Ml 5(±ISl 4lC^-TfelXS^1(DSP^ 

^LrMo ^^^^9^Anx^teio)ji^ 

fc-. 0q^(^x^fel (DJl^ltgi^^t^^. m 
f&\ztfL&tZ><?^yV 9 1 i:$®3 (SI2 1) 

1 tDSJBrFS^Y :> 5 lz»5WW*'SWBrl*fc*SflW> 
5$g££ltLTl^o tfcoT. U—if^x^T^fcJtax 
ft#^l<D^BJrX§£frdig^ *DI«S^/N>KU 

[oo4o]n 6\*m*i 4 tmmz*mmfim\z&z> 20 

««9i±. /<;uxu— tf?feLa)^3fe^^J[)Dx^feiia) 
B^*filf=:J3L^Tflf^a)*»a)tt«J:y«ffi (Alt®) 
3 rci£L^M(cPfflLT^^4x/i:4,(0-efc^o ^7 5 ^ 
^fSigt 9 (iiPX» jfc«B 1 (Dto&^cD&m 3 flfZJMftSJl 

& 0 m 1 7 lis i 6 Ic^-Tinx^titt 1 <Dfip^»fffiia'C 
■C; aftf:zj&Jtr«99?9 9 1 (iS®3 3lfi-€-a>jft^ 

[004 1] mx»JR«B1 0)S®3lcB^/<^ 

-97?91ltt9'fr&977'9 9 i £Jnx*im8na> 

^®3&tfS®2 1*lS]|Z^g^^^Z^fCcfcy. *DX 
*_TA£tfJ(c^^ 9 1 £/«g£t!:TWBT-r&i§^*, 

'kfSi:* ^^^^ffl«9't«BB.30)BKA<lt«ttJa^ 



9 sBsi-r 5 £ * 5r V o wti 9 a<a® 3 lzf&& o 
a®3fc^. ■affi3©^^e>^a>BCHi:«:y. am 

[OO 4 2] /<;UAU-+f3feLCD*3fc^^X^ 

fett 1 o>«^*iaifcfcL^r»^a)*»a)fiBJ: Man 3 

fcfiiM&Kizfltt Lt^7'y*jW9 £ C<b* 

"C#^o C(Dig^. ^^ry^««E9(41nx»*HBia)rt 
gB*tf>§® 2 1 «JZ»***L^ 0 @ 1 8 1 4 f^ft 

i=:*&lKJMKi=flt« u— ifinx»a$ffltxr^riE**Lfc 
^^^^««9*#t?mxs*jfcUBi (D^sia-efe^o 0 

1 8rc^-rxH^i&ia)^7!y^fiJ*9tt % /<;uxu-if 
3fcL<Dm3fc££Jjnx*f^g 1 <dw^^ghcJ5i^-cj**.0> 

• *»0)ttltcfc-yaffi (A»ffi) 3A>t,iSt^MtziSfifJL 

#9 1*. ^5t^^i¥^a>^0)<5MJ:yS®3lCjftLN<i 

[OO 4 3] JtaX»tfc«|1 A<«X.tt*"»(*^x/\0)» 
^^««9.S»T-ttl3»fit**t. tt^ttfl^^^fiBi* 

* ^7 ffitt 9 <h Yf6^|S]<7) ^7 ^ * £ «« 9 *< £ * IZ ADX^ 

A<llt*0)-e, Xtt*|ai<D«3BfSBiYtt^|Si<D«3Bfffii: 

EX-r*BBf.-e"l*Jnx»*«B i.<D»eft«JK3b<ttif €>*t 

[0044] CtU^LT. 01 8lZ^-TJ:5(C, JtoX 

9 <D^i® Yffl^fS] 0) 97 79W9 (Dfifi ^ flfc ^ 
-^^i:. Xtt*fiI©^^^^««9fcYtt*fil.a)^^!y^ 
««9^i<ma-r^<D*8&CCi:A<-C#^o cfc.oT. Jto 

[OO 4 5] 35:^. m?5fa<»V^vOffl$.SZLXF<W5 

IS] (D ^ v V <? ^ 9 <D 5 ^ I C 1&18. t *t ^ ^7 ffi Jgt 
9t*lC»rt**Lfc*9t#*«*9*y**Bff (Alt 

®) 3fflizBrt-r*a>^»*ut^. «ic^**t*^^ 
?9«i«9 tfti=»a**L*^^^^«*9-«k y ts® 

2 ifflic^fiE-r^t. x®^faia)^]Bf®^Ya^fSicD«]eT 

m^T^mmt^^mmizf^f&^^^co^tmo) 
mm\zi&&zfr&&#(0^&t\zi£*r>$tf±cz o * 
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[0 0 4 6] CfUCJtLT. &\zmtfL£tiZ>?^y$m 

& 9 £ frizM&L £ ix z> i v v o mm 9 £ y t si 3 m \z 

[0 0 4 7] m±Si^LfcJ:5lc. ^HJS^ffilCct^ 
GLm&mBTfZ^kiz&y^ jtaxMf^<0J?^;frftizfc 10 

x*t Siccus C tz u-if jtaxMBiffi £ #3 „ 

,[0 0 4 8] £:fc\ aa^(D<ia®l©A<T*^^Ci:fi: 

xgi i o o<Dnmm&LmT-$>% 0 \s— if^x^g 1 o 20 
if a* * ^/ ^ux £ HflB-r 3 fc rc 

1 o 1 U— If 3fe3g&j®lSfl 102i, u— tfafe 

LOJSIttSffi^L^oU-1f3feL(D3fe$ia)lRl^^9 o° 
^x^J:5lciBg^*tfc^^P-<^<7S^-1 O 3 
V-iOmvO^— 1 O 3-CJ&lt**ifcU—tF3fe 
i3fet^$3!cffl 1/>X 1 O 5 i: , U >X 1 O 

fig£*x£©&£ 107ir, WM^ 1 O 7 £Xia7JfSi|- 
8l^t^fcto<DXa^f~v1 09i, 0 7 30 

f-v1 1 1 0 7^X®Rl/Y^fSlfril^ 

ZtlbHO^f-v1 O 9. 1 1 1, 1 1 3<Df£H)£$q 

.[0O49] U— tfjfeS 1 O 1 It/^U- »f3fc£3££ 
^"^Nd:YAGU— tfrfc^o - tf 1 O 1 Jz£ll>3C 
"tf^LT. CCDffi. Nd:YV04 U— If ^Nd: 

, f&&V&l&mmf&&£1&m-fZ>ig i <a>^ Nd:YAGU-if. N 40 
d:YV04U— tf\ Nd:YLF^—^f^fflL^^<D7^l<»®-efc^o 

1f£J^S<D*<»g-efc£ 0 m3t^P(OX(Y)^|SjCD^ 
Hilt lDXMSlJX(Y)aXf-Vl0 9 (111) 

fc^yxoo^fpjic^is^iir^ziifc^yffao m& 
mtto^mtoi <omm3 tmtt&jjfotecDT^ anx 

*o J:ot, ZftXf-y 1 'l 3$Ztt^lS]lC^a^1t^ 
Z £ Izj: tj % mxSSfe 1 CDrtSP^ U— If 3fcLO)fl5fc£P 

££*3*Sc£a<-e£S 0 o*y % Zttx^-^i i 3 50 



A<HSS5^tt^o citify, ^iti*. lfi3fc£P£Jinx*t 
fttt i <o^^^^£](cfct^T^l^(o^o<^Mcfc y Ait® 
(S® 3) lciftL><iMXIiiSL^MlcISfiJUfcy. 
a)BSifi^<DiiMfc|iSnLfcy-r^Ci:/)<r*^-5o fcfc. 

Hi5feSiu>Xi O s^z^fsnc^iu^-^^c^ic^o 

X 1 o 5tfjtax*ffL«3 1 <D&fr1jft\Z&W}-f 

Scot:. Jnx»*«n cD^^iS]iz^(t^*nx^^i 

[0 0 5 0] ZCT\ Z$ftX^— vfCcfc^JtaX^^KD 
^*I^l^fclt^m5t^Pa)i4MCDIil^!^C•^U^Tla2 O 

1 SHWlilBt*. ^ffi^ffiTMiJtaX^ 
^(Dl?^fS3lCfcNt^U--1f5fe(DS*^<7)&g*. JtoX 
tt&ttOXffi (Alt®) ***£LTjtaX»*tta>W» 

5fcjAP^inxttMi <D^®3izi4gLr^-5t^S*^ 

U>X1 0 5fC|Sj(tTz^I2l^^^t. m*^PttS®3 

A^inx»jfcijBia)rtffliz»Bt" *o m*^iP(7)tox$t 
ic»-r*ttxa*»ia>H«r*-eft«) . £oT. u— 

if*Lic»-r*inx»ftfii i (Dmmm&%& ltzmxt- 
y. **jSPo)iipx»jfcttia)is^iRiicj3it*Bfao!) 

(Alt®) 3/^&lDX»att1 <7)l^gp^-e(D 
EMI (Nz) ^"T^o CKD^gi (Nz) $_tI5SS^ (N) 

■csw«ciizj:yf»eittfcwn* (z) fiit. tox^t 

'"©ffi«lc*3lfejgP$*fcii:*c:i:]61"e**o U—tfiBJX 

■r^s^afejii 1 7t. ^^p^7^s7-i 03 

X^I63fcfflU>Xl o 5 kmcJt$ti±\z&Wi£ixtz'zi®. 

itcm<Dt±-Jx*y<)v* 1 1 9k. &mx-z>o e-^x 
i i 9^$*fflu>xi o 5to)rBifc^-r^Q 

-ft/^ S^— 1 0 3 35<lES^*tTl>-5o tf— LJk-Jijy 

* 1 1 9i*. wa%&ott¥#&fittLBya>¥»£a 

^^S^^L^Opra3feg(D3fe®a)fS]^$9 0 0 x 

1 o3M$5fefflb>xi o.seaau mxatifti 

[00 5 1] U— If/IlXggl OOtt*t,lZ % e-Ax 
3fU V* 1 19. ^^P-f7^S7-1 0 3Xl/m3fe 
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m^X^ o 5 kmWc^lzmWiZtit-m&m^ 1 2 
T (i#J x l£GCD (charge-coup I ed dev i ce) fi * tf$> & 0 

i 03. i i 9j2iL, *s«u>x 

[O0 5 2] u—tfjtax^®i oolitic. Jg«fiT 

* flmSP 125i, tf Anx^g too 
S±fiM'Min 27^:, ^e-^i 129^, £ilt*-3<, J£ 

LTXf- v©J»gpi 1 5^ZiXf-v1 1 3&&m 

•««ir«c&fzj:u^ pra*o>«ija^stB3fz^5«fca 

|C"T^ 0 J:oT, **&3ISM 2 5l*t-h7* 

l^g-r^Zax^r— v 1 1 3<D{iM(cfc^r. U— If 20 

afeLcom^^p^i a® 3 fz<£g-r * ^ 5 r= u— if fax5£a 

(ASffi) 3(C{ig^-y:^<DIZ^^JtaX^ifel 

gpi 2 5tt, SSf-^ ^SIZ L TS® 3 

<Dm&7— ZZfeM.-tZo C<DH«T— *f*±«:$HBi6p 

* 1 2 9rcSt,ti^o ZjUC^y. ^ 1 2 9 icffi;*; 30 

to 0 5 3] ±i*fl]®igp.i 2 7ic(i. Xf-y»1 

I S^bOJT— li&T— *flUiSfli 2 5^t>(7)iij« 

I I 5$$qai-r^-<t!c<t u— tfmxsei o 

*=L-y htlrTtitm-tZo *fc. £tt«NHI01 2 7 

f*. II20MI2 1 r-ift^Lfe^iJfi (2) o)f-^ 

*<A***U ISti^tt^o O^y. ±(t:fl»fiS1 2 7 40 

li. Jtoxs^i<DJ?^iS]icfeNt^j[iax^^<Dta$4 

12 7. Xt 1 — S/tqffllSiM 1 S&VZ$&*T—is 1 1 3 

fzi: y % i3tii/>xi o 5 ret y^3t^ttfc/<;uxu 

Jf£Slc«£u— tfJtax*a$Sft^-r*« @2 2fi. Z.<D 
u-if JUx^^ift^-r^^cD^p—^-v— h-efc 

[00 5 4] mi»*ttia>*«tt«ttSH3FL 50 



l*SMM>U— tf*Lt«*-T4U— »ftf;^1 o 1 &mfe 

(S101) o *fz. mx*jfttticoff*ta36-r- 

-c. mx»ftttii a>z««na)»ns (2) 
(S103) B ^tiit. is— tf*L(D**^P3&<inxa* 

KttB*-* lf«L0)**jft Lfclrix»jMto 

<D&mm: (2) (i. mx»jfctti©fl[^iaiizfc(t*jn 
x^feroffi^w^iascDr— ^o-^i-efe^o 
Pfl>ffiBteini*ttMn Snxo>»s (« 

[005.5] *flx$4^ 1 £ u— ?f mxs6« 1 o o on 
a^n 0 7iz«s-r^ o ftr, flacAHfcfln'i 7*s 
pra3fe*aB±*i±-cinx»a«i 1 *iaflB-r* csi o 

5) o KWS'4ifc«W*S^-r>5t*t?lnx»ft»i 

a>«.ffi3*a«»f-i 2 1 fc«fcy««-r* 0 zcds^ 

^cs^t^r^«l^r r -^ ^asgp 1 2 5 lissssisfcss 1 
1 7 a)pra3to)«^*ffi 3 5 oaa?— 

*' (SI 0 7) 0 ceDAjfllT 5 -*!*. iffli^ 
M-i a>Ztt^fiicfc(t*f6<Dffi»«»B«a>.-x— 

fc^> o 

[00 5 6] -(DjS^^r— ^lix^r— ?MM1 1 5(z 
glcLTZIfix^— v 1 1 3£Zte;£fa]<7)|£ifi£i*£ (S 

TO 9) o ZtllCkU, «SR5teSl 1 7<Dpra3fcCD^ 

^36<ss3(z(aa-r$o z«xf -v 1 1 scdco^lm 

IC^3L^T. /<;UX U— if 3feL<Dm3fe^PI*a® 3 

^>a®3(Dffi*is«T-^*^is-r^o co^^isf 

-^tt^(*$9®gpi 2 7*#L«-* 1 2 91=86 
CtilC^y^E"^ 1 2 9lcSU»rFS^-f >5MifiO) 

too 5 7] 2 7irii^toX : r!y3fS1 o 

3 t'^^^ifcffiSM^aif-^ *<A^3 **tT J3 y . 

(S 1 1 1 ) o ^ic. U— +f*S 1 o 1 3b^t> 



